
----• ~ IR!----='=:';;'i'i!~ni~ni•.uw':'I 

06bE.lH1HEHHblH vlHCTv!TYT RllEPHblX v!CCJ1ELlOBAHHl1 

__,353 --
") '.{ 
\J-vb 

Jla6oparopHH reopernqec,-;oit qi11311,-;11 

B.n. CHnHH 

982 

HEKOTOPblE BOnPOCbI TEOPvH1 
KBAHTOBOH Yi KflACCYiLIECKOH nnA3MbI 

DoKna.[( no COBOKYllHOCTH onyonHKOBSHHhIX 
paooT, np~L(CT8Bn£0MhlX Ha COHCK8HH0 yqeHoA CTeneHH 

L(OKTOpa ¢H3HKO-M8T~M8THqecKHX ~ayK 

PaooTa BhinOnHeHa 
B ¢>H3HqecKOM vf HCTHTyTe HM. n.H.fleoe.[(eBa 

AK8.[(0MHH HSYK CCCP 

./ly6H8 1962 J:'OQ 



s.n. CHnHH 

HEKOTOPbIE BOTTPOCbI TEOPM 11 
KBAHTOBOvi Yi KnACCM4ECKOvi nnA3MbI 

[loKna.a. no COB0KYllH0CTH ony6nHKOBSHHhIX 
pa6oT, np~.llCTaBnSleMbIX Ha C0HCK8HHe Y'l9H0H CTeneHH 

.ll0KTOpa . (pH3HKO-MaTeMaTH'l9CKHX HayK 

Pa6oTa BwnonHeHa 

982 

r-~ 
~ ;-., ...-:.., _, ....__, __.,,, 

B ¢>H3H'l9CKOM vfHCTHTyTe HM• TT.H.ne6e.a.eBa 
· AKa.a.eMH·H HayK CCCP 



B H8CTOSllU8~ .a.oxnti.a.e H3nara10TCSI pe3yllhT8Tbl, nonyqeHHbie aBTOpOM no TeMe •HeKOTO .. 

pble BOrtpoCbI T80pll;B KBSHTOBOI It xnacc111:1ecxoa· nna3Mbl •• 3TB pesynbT8Tbl ony6nHKOB8Hhl B 

paC5oTax~ Hame xpaTJ<O .OCB8Ul8Hhl OCH08Hhl8 IIOIIOlK8Hlll!, coaeplKalUH8Cl! 8 STHX paCSo

Tax. 

1. 8 c~qae ra3a 38pSPK8HHhlX ~aCTHil npH ycnOBHII, ;To·_cpe.tlHSJSI KHH8TR'IJ8CK8SI aHeprnst 

B81DIX.8 no· ci:,aBH8RR10 co CP8llH8A saepraea B38RM0.0.8:tte:T.BHSI, MO>KRO HCnOnb30B8Tb MeTOllbl 

T80pBH 803MYW8HBI. ·npz. BT.OM B K8'18CTBe nepBoro npH5nH>K8HHSI MO}KHO Hcnonb30B8Tb an

npOKCHM8IlH10 C8MOCOrnacoB8HHOro nons:, WHPOKO np~M8HHtotUYIOCH B H8CT0Hlll8~ BpeMSI npH 

accine.ctozauu:a t'5onbworo qncna sa.cta'I, xax xnaccn:1:1ec1toa, Tax H KBaHToaoa nnaaMbl. 

HMeuao & TaxoM npHt5nn:>KeHHH caMocornacoaauu'oro nons: 10.n~ KnHMOHTOBHqeM H asTo

poM r5bin ·IIOny'l8H Cll8KTp nna3M8HHbIX xone6amdt Bbtpom.o.eHHoro. sne_KTpOHHOro rasa. Y'iHTbl -

Ba!OlUllA J[88HT0Bhl8 8q>q>81tThl. Llnl! He CIIIIWKOM ltOpOTltllX BOIIH TaKOII CII8KT.p HM88T Bll.tl 
11 •21 

3.aecb C'I.) R k -qacTOTa H eonuoeoa B8KTOp xone5aun:s:, (JJi.·.,...J41re'N.Jm 

M10p0BCK8R qacTOT8 sne1tTpOHOB / 'N • -,rncno· an~KTpOHOB B 1 CMS/; :-c1topOCT!I 

anexTpOna Ra hoaepxuocTe: ¢epMBj m -Macca snexTpoua. 

npn npoxo>K.a,8HHH 6bICTpbIX sneK.TpOHOB qepe3 TOHKHe M eTannHt18CKH8 nneHKH B HBX 

MOl'YT ·B03!5YlK.tl8TbCll IIII83M8HHhl8 xoneCiaHllll/
221• Ecn11 oCSosaa•rnTb .0 -Manhlli yron, Ha 

ICOTOphlll pacc_8HBa8TCII C5hlCTphlll aneKTpOH C llMIIynbCOM p , TO aaeprHR !H • Teps:e-

MSR BM RS B03t5ym.aeHH8 nna3M8HHOI'O KOnet5aHHH co C!I8KTpOM /l/ •. onpe.aenR8TCSI COOTHOWe

RB8M 

/2/ 

3aaeceMocTb aoTepR 3Hepre:z snexTpoua OT yrna, onec1,1saeMast cpopM)"noa /2/ 1 no.a.Tsepa<L1aeT,,. 

CR axcne'pnMeRTSllltHblMH ll8HHhtMH, KOTOpble TaKme YK83bIB8IOT HS TO, qTO .a.ns: peanbHbIX Me-

Tannoa IC08q>q>IIIIH8HThl .B 'q,opMyne /2/ nepe.tt 0. H 0' IIM8IOT npaBHIIbHhlll nopl!.tlOK 

BenH'IHHht. 

,C .apyro:A. cTopOHbl, npH6ne:meuee caMocornacosaHaoro nonst .an.s Bblpo>K.o,euuoro snex-

TpOHHOI"O raaa. cTporO •rOBOpR, npHM8HHMO npe ycn_OBHH, l:ITO • Lln" peanb·-

BblX MeTannoa H81D:i3H roBOpHTb O BblnOnHeHBB Taxoro CHlibHOI"O aepaBeHCTBa. noaTOMY npe.o.

CT&8ns:nocb He0t5xo.a.BMbXM nonyq:HTb. nonpaBKH, ot5ycnoBn8HHbI8 cnenyIOWHMH npn:5nH>K8HBSIMR 

T80pHH B03Mflll8HBA:. Taxoe pacCMOTp8HH8 t5blnO npOB8,Cl8HO B pa6oTe
131 • r.a.e, B '18.CTHOCTR, 

s 



_ anR cnexTpa nnaaMeHHbIX xone6aaua nonyqeao cnearror.uee npocToe Bblpameaue: 

.,•~., • + _,3_ v• k 4-.,• ~( .hk.}' 
L• T o L• 20 , Po ' 

/3/ 

3aecb yaepmaHbl JIHWb qneabl ---k.2 a Po oaaaqaeT rpaHH'IIHbI:A' HMnynbc pacnpe-

.aeneHH.8 ¢1epMH, <PopMyna /3/ BllOCJ18llCTBHK 6brna ll0Ll,TB8p)K.Ll,8Ha B uenoM psae pa.6oT LlPY

rHX aBTOpOB, ll0Jlb30B8BWHXCB pa3J'IH'IHbIMH M8TO.ll8MH. He·o6xo.a;HMO OTM8THT&, "ITO .llJ'ISI T8;""" 

KHX MeTannoB K8K cepe6po. 30J'IOTO, M8.llb, y KOTOpbIX nnOTHOCTb 9J18KTp0HOB npoao.a;HMOCTR 

22 -& 
COCT8BJ'IB8T H8CK01IbKO 8,llHHHU Ha 10 CM I nocne.r;uaa 'IJ18H cpopMynbI /3/ npuMepHO B nRTb 

pas M8HbW8 BTOporo. 

2. B, ocaosy pa60TbI/S 
1 

6btno nonomeao nJ)e~numeaue ¢>oxa, y'IHTbIBa10r.uee 06Meaay10 

KOppenBUHJO qacTHU, o~ycnOBJl8HHYJO HX TO>Kll8CTB8HHOCTblO. B 9TOM npu5nameHHB l5b11IO nony

qeHO xuaeTu11ecxoe ypasaeaue, KOTopoe, 6naroaapR nocneaosaTelibHOMy yi1eTy o6MeHHbIX acp

cpexTos, cyweCTB8HHO OTJIH'l88TCB OT ol5bPIHO HCII0Jlb3Y8MOrO B T80pHH BBnem1a nepeHOCa B 

MeTannax. npu OTCYTCTBHH BH8WHHX noneA: H amt .llJ'IHH BOJIH soa5y>«.aeauA, 3H8"1HT8JlbHO npe

BbIWSJOIUHX .llJ'IHHY BOJ'IHbI 8JI8KTpOH08 Ha nosepXHOCTH ci>epMB, Taxoe ypaBH8HH8 nna: Hepas-

HOB8CH0A .oo6aBKH K cj,yHKUHH pacnpe.oeneHHH 81 HM98T BH.o
13

•2 •41 : 

..2._§L + I .i. - ½ Sp a f (I) 0 ( p r, 1} I (p 1} ,$'I iJM_ -
iJt m 'af" I O a'f 

- tl i)f O i) s I I .. .. I .. 
7' dp r17 P, t V (/r - r /} 8l(r,

1p1
} dr..,dp'-_ /4/ 

- f(f) 0(p1,p') 8l(r,p1} dp 11 = 0, 

3.oecb lo -pa.BHOB8CH8B (pyHKUHSI pacnpeaeheHHB, V- saeprHB xynOHOBCKoro 83B.HM0.ll8A:cTBH.8 

.a:eyx aneKTpOHOB, 

➔ ➔ I ➔➔l 

(f)o(p p'J =v(/ 2.:;.J!...I) l+c,cr, 
I n 2 .. 

" -onepaTop cneaa, v (k) • fV (;') e ,-;,♦ dr~ 

/5/ 

0Tml'IH8 ypaaaemrn: /4/ OT HCll0JI&3y-eMOI'O 05bI'IHO B T80pHH SIBneHHA: nepeaoca a Me-

Tannax o6ycnoaneao HanuttHeM ¢, 
0 

-o5MeHnoA 'IB.CTH aMnlIHTYLlbI pacceBHHB anepe.ll ..ctnH 

CT0nltH088HH8: .o.ayx "IB.CTHU, Bblt{HC118HHOA B npH6JIH)K8HHH Bopna. Ba>KHO, qTo KOppenBUH.8 

qacTHU npoaanHeTCSI B KHH8TH'l8CKOM ypaBH8HHB ae TOJlbKO B HHTerpane CTOJIKH088HHA, K8K 

8TO npHHHM88TCH o6bPIHO B KHH8TH118CKOA: TeOpHH, 0CH0B8HHOA aa ypaaaeaHH BoJtbUMana~ 

8btW8 y.me roaopHlIOCh, 'ITO napaMeTp TeOpHH 803MywenHA e2h v
0 

a cny'laEiil 

pea.JibHbIX M8TB.JIJIOB H8 MomeT C'IHTaTbCSI 0'18Hb M8JlbIM. nOsTOMy npeacTaBnBeT HHTepec noc• 

4 

I' 
Tp08HHe ¢eHoMesonoruqecxoA xBHeTaqecxoa Teopuu aaneauA nepeaoca a M&Tannax, nocTaToq

ao llOllHO Y'IHTblBSJO[UeA acj,cj,eKTbl xopp81l!lllHH 'laCTHll H 06061UaJ01UeA ypaBH8BH8 /4/, nony

'18HH08 8 paMJt8X .TeOpHB B03MYlll0HBA. Kax UOl!t838HO B pa6oTe~
41, OCROBy TSKOA ltBH0THKH 

MO>KeT COCTSBHTb npOCTOe 0606LU8HH8 T80pHH C:,epMH - >KH~KOCTH naa,oay
1231 • npa &TOM, 

sapsLly c ypaaseHHBMH Maxcaenna, cneayeT nonb30B8Tbcsr xaaeTB'tfecxuM ypaaaeaseM nns 

MaTpBUbI UJIOTHOCTH n 

!..!!.. + ½(~!..!!..+an .E!.L}-'/2(~ .EE+ iJn ..¾ }+ at ap a1 at a; at a; a; u 
/6/ 

+ eE an+ _!!_I[ ;fB] iJn + iJn[ ;tijJ I+ 
""Ji 2c dp dp 

+-~n< ildn - nirB J - r fnJ. 

3.oecb i H ii .. 
-sne1tTpaqec1toe 11 MarHHTHOe none. a - onepaTop cnuaa -snexTpo~ 

HOB, fJ - MarBRTHbII MOMeHT sne1tTposa,· 1 (n} . - onepaTop, HrpaJOLUHll pOllb RH-

Terpana CTOJ'IKH0B8HHft, 
.. . 

V -cxopOCTb snexTpOHa, R, HB.ltOH8U, 

/7/. 

8, 1 • Spc,zf(f) (;f,p 1} Sn (p, 1 t} dp 1- ½ {JilB, 

B cj,opMyne /7 / (I) npe.oCTaBnlleT co6oA xapa1<Tepay10 .omi Teopek <:>~MR >KH.01<00-

TB cfJYHKUHIO, a::ans10myl0ca o6o6r.ueHH8M ol5M8HHOA 'I8CTH 6opHOBCKOA aMnna:Ty.a.LI paCC8SIHH8: 

(I) 0 

}lna:: COCTOHHBA C DOCTOSIHHhlM H p88HhlM symo Cp8LlHBM 3H8'1:8HB8M CCHHa aneltTpOHOB 

C /5/ 
BH.ll BHTerpana CT01IKHOB8RHA B TeopBB ¢1,epMB- »(.B.llKOCTH 6bin BbIBCH8H B pa6oTe ~ npe: 

:9TOM, ecnH o603H8"1HTb & nocpeacTaoM 

8,. ½ Spc,8<1 , /8/ 

TO llnH COCTOSlHHA, cnal5o OTIIH'IBIOIUHXCSI OT paBHOBecuoro C (pyHKUBeA pacnpe.o.eneaH.8 lo 

OTJUf'IH0 OT 06.bl'IHOA TeOpBB CS>epM:e:-raaa caonHTcSI Jt TOMY. llTO BM8CTO 81 a HHTerpa;--

ne CTOlUC.HOBeHHA B03HHK88T 81-8,iJ/0 /a, 0 3.oecb •o aaeprHH aneKTpoaa. 

s. npHM0H8HB8 T00pBB snexTpoaaoA >KH!UCOCTB K uenoMy pa::ay 38!:IB.l:f TeOpHH MBTannoa 

6bl1l0 ll8HO a pa60Ta-~ /S-lO/ /cM. T8K>Ke
121 I. Cne.ayeT CK838Tb, qTo apB BoaHBKHOBeHBH 

TeopllH_ cpepMH0BCKOA )i{ll.QKOCTH npe>Kae ~cero B03HBK aonpoc - 6yaeT n'lt RM8Tb M8CTO T8KOe 

m.e cornacae Teopua H s1tcnepHM8HTa, KOTopoe uMeeT MecTo s cnyqae o5bl'IHOA TeopHH npo

BOLUIMOCTH M8Tannoe, HCll01Ib3YJ0Ul8A B K8'10CTB8 O.llHOro H3 CYI.ll8CTB8HHblX npe1u1ono>KeHHA: 

5 



npe.o.cTaBneHH8 06 SJI8KTpOHaX npOBO.O.HMOCTH KBK O raae H8B38HMO.o.eAcTBYIOlllHX qacTHU. 

· 18/ 
0TBeT HS STOT BOnp?C B 3H84HTenbHOR: Mepe conep>KHTCSI B pa6oTe I r.oe IlOK838HO, 'l!TO 

q:>eHOM8H onoreqecKaSI TeopHSI npoBO.O.HMOCTH, HCXO.:JSIW8SI H3 npencTaBneHRSI 06 sneKTp0HH0A 

>KH.llKOCTH, .npRBOLIHT B cny_q:ae CTaTHqecxe:x aa.o.aq K peaynbTaTaM, nonHOCTblO COBilBLI8IOWHM 

C peaynbTBTBMH 06,biqHOH TeOpHH IIpOBO.CIHMOCTH. 3TO o6ycnOBJI8HO T8M
1 

qTo B cny'lla
0

e CT8TH _ _,.,. 

qecKHX aa.o.aq K8K KHH8TH'll8CKOe ypaaaenee, Tax H onpe.o.eneHee TOKa H nOTOKa SHeprHH B 

TeOpRH ¢epMH->KHLIKOCTR OTJIH'l!BJOTCSI OT COOTB8TCTBylOIUHX BbipB>KeHHfl: TeOpHH anexTpOHHO-

ro raaa JIHWb 38M8HOA 8 I Ha s1- s,ava,
0 • EcTeCTBeHHO, qTo TBKOe OTJIHqe:e, 

H8CM0°TpSI Ha cosepweHHO HOByIO (pH3Hqecxy10 CYWHOCTb TeOpHH, MO>KeT 6blTb ycTpaHeHO H3-

M8H0HH8M 0603HaqeHeA. 3TOT peayJlbTaT B8>K8H TBK>Ke fiOTOMy, 'ITO OH nponHsaeT CBeT HB 

llBBHO C_TOSIWHA. sonpoc: noqeMy IIpH H3Y'l8HHH SIBneRHA nepeaoca B M8Tannax CTOJib rpy6aSI 

TeOpHSI, K8KOi1 8BJISl8TCSI TeOpHH 9/I8KTp0HHOro raaa, .o.a0T xopowee cornacHe C 9KCnepHM~H

TOM ? 

PaccMOTp8HHe H9CT8THqecxHX aa.o.aq KHH8THKH MeTannos C IlOMOWblO TeopHH BbipO>K.O.eH

HOfl: aneKTpOHHOil ¢epMH->KHLlK0CTH. 6bIJIO npose.aeHO B pa60Tax'5- 7, 9 ,io,_ npH 9TOM B pa-

6oTax15•81 noKaaaHo, 'l!TO (pyHKUHSI <I> (P1P1J cywecTBeHao sxoaHT B BbICOKOqacToTHY» 

LlHSneKTpe:11ecKyIO npOHHUaeMOCTb MeTanna ITOl:fHee B 1:Y ee "IBCTb, KOTOpas:i: o6ycnoBneHa 

sneKTpOHBMH npoBO.O.HMOCTH/. 3To, B qacTHOCTH, noaaonReT .O.BTb OTBeT HB IlOCT8BJl8HHblit 

paaee rHHa6yproM
1241 

sonpoc o np11qHH8 pacxo»<.oeHHH peaym,TaToa onpe.oeneHHSJ q11cna 

aneKTpOHOB npoBOLlHMOCTH no H3MepeHHHM aHOM81IbHOro CKHH-aqJ(pexTa, sneKTpOHHOro BKJia

.oa B TenJIOeMKOCTb MeTanna H BblCOKoqaCTOTHOit LIH81I8KTpH"18CKOit npoaeuaeMOCTH. Heo6xo

.OHMO OTM8THTb, qTo T8KO:A OTBeT SIBnH8TCSI anbTepHBTHBHbIM OTBeTy, ycMaTpHBBIO[lleMy npH

'IHHY COOTBercTByIOwero pacxom.oeHHSI B BHH30TponHH noaepXHOCTH <t>epMH aJI8KTp0HOB npo-

BO.OHMOCTH. B pa6oTe
151 

nonytteHbI TaK>Ke '(popMYJibI, onpe.o.ernr10wHe .O.HCCHnaTHBHbie qJieHbl 

a11a:11ex'l'p11qecx?8 npoeeuaeM~CTH MeTannoB B onTHqecxoa o6nacTH laHq:>paKpacaoa /. CT pH aToM 

OTJIR'iH8-0T COOTB8TCTBYIOWHX peayJib~BTOB TeOpHH anexTpOHHOro raaa OK83bIB88TCSI K01IHqecT

B8HHbIM. 

K one6aHHSI BbipO>KaeaaoA aneKTpOHHOil >KH.OKOCTH paccMOTp8HbI a pa6oTax 16• 7 I. n·pH 

STOM paccM·aTp11sanacb TaKaSI o6nacTb, r.oe CTOJIKHOB8HHSI aecymeCTB8HHbl IBbICOKHe 'IBCTOTbI 

H HH3KH0 TeMnepaTypbI/ H He eay11aJIHCb KOJie6aHHSI, CBSl38HHbie C .08H)K8HH8M KPH?TBJIJIH'lec

kOA peweTKH. noxa38HO, qTo B 8THX ycnOBHSIX H .onSI H30Tp0IIHOA. Moaenn MeTanna Kone6amrn: 

CBO.ORTCSI K npo.o.onbHbIM nna3M0HHbIM BOJIHaM, nonepeqHblM sneKTpOMarHHTHblM BOJIHa,M, Hyne

BOMy 3BYKY-JI CrIHHOBblM BOJIHaM. D,nSI cnexTpOB Bcex KOJie6aHHil nonyqeHbI cpopMynhI .. onpe.o.e

ns:i:10iu11e 38BHCHMOCTb "IBCTOT'bI OT BOJIHOBoro BeKTOpa. 

TeopHSI Boa6y>K.oeHHSI H8KOTOpbIX 113 TBKHX Bonn B 9.110KTp0HH0:A: )KH.llKOCTH npH npoxom: -

.0.8HHH qepea nee 6blCTpoa aapSI>KeHHOfl: qaCTHUbI 6blna LlBHB B pa6oTax12 ,91• B 'll8CTHOCTH, B 

9TBX pa60Tax IIOK83SHO, 'tfTO ecnH OTnHtJH8 ¢epMH->KH.CIK,OCTH OT raaa cywecTB8HHO, TO OHO 

MO>KeT npOSIBHTbCSI B cneuH(pH'tf0CKOM yrnOBOM pacnpeaeneae:H snex'tpoeoB, npOXO.O.SIWHX qe

pea TOHKH8 MeTanJIH'll8CKH8 IlJI8HKH H Tepsuown::x SHeprHIO ua B036Yf.08HHe Kone6aHH8 snex

Tponeoa }l<H.OKOCTH. no-BH.CIHMOMy, na116onee nepcneKTIIBHblME: sxcnepHM~HTBMH 6blnR 6bI OllbI

Tbl Ha TOHKHX nneHxax lll8.110'l!HbIX Met'arinos. 011HBKO ao CHX nop COOTBeTCTBYlOllIHX H3Mepe-

6 

) 

I 

. 12 9/ 
HHA aeT. B pa6oTax • no.nytteHbl qJopMyJibl anH npoaonbeon H non~pe11eoA. .o.nsnexTpn'iec-

xoa npOHHU80MOCTH SJieKTpOHH oa )KH.[lKOCTH C yqeTOM npocTpaHCTBeaaoA a11cnepca11, 'CJ:TO 

Il03B01ISIBT BKJll011RTb B TBOpHIO noTep& 6bICTpblX qs.cTHU acpcpexTbl, npHBO,O,SlUXHe ,K HyneBOMY 

- a:eyKy. KpoMe TOI'O B STHX pa60Tax Bbl.S:Bnena cneun::4ni'l8CKaSI 38BHCHM0CTb Benn'IHHbI LIHCKpi:?T,

HblX nOTepb 6bICTpblx 'IBCT~U OT yrna -RX pacce.s:mut, o5ycnosneHHBH OIITHqecxoA 8HH30TpOnH

el!, 

4. Bonpocbl pacnpocTpanenHn H nornowem1.s: a:eyxa s MeTannax npn .o.ocTaTO'IHO 6on&lllHX 

'l:aCTOTBX H HH3KHX TeMnepaTypax. KOrLI.a necymecT:BOHHbl acp(PeKTbI CTOnKHOBeH11-a, paccMaTpH-

t Ba.l'lHCb B pat5oTax
11

•
2

•
10 '. 3.aeCb HY>KHO YK83£1Tb Ha cne.ay~wHe peayru.Ta,Thl 9THX pa6oT. 

3To, so-nepabIX, nonyqea11e' npaBH.l'lbHOI'O nopst.o.xa BenH"IHHbl CKOt'OCTH 3:e~yKa B Il:I83M8HHOfl: 

Mo.oenH MeTanna; BO-BTOpbIX, 9KCII8pHM8HT8JibHO IIO.O.TBep:m:aa10meS1CH 3SBU:CHMOCTb .oeKpeMen

Ta 38TYX8HB!I 3Byxa; B-TpeTbHX, M8TO.llll'l8CKH IIOJI83H08 HCIIOJlb30B8HHe OOHSITHR KOMll.'IeKCHO

ro T8H30pa MOayneA. ynpyrOCTH, Il03B0.11SIIOlll8I"O, B qacTHOCTR, npOCTO cpopMynn::poaaTb TeOpHIO 

BpaweHHSI IlJIOCKOCTH nonSipR38UB.H 3ByKOBOit. SOJIHbI. 

Pa3BHTaSI MHKpOCKOIIHqecxaa TeopHSI nna3M8HHOI"O nornomeHHSI 3Byxa B M8Tanne npHroa• 

Ha 11nH npOH3BOnhHblX nosepXHOCTe8 ¢epMH, 05JI8..ll8l0UlHX U8HTpOM CIIMMeTpHH. Oaa YlHITbIBa-

8T K81t IIOSIBJISIIOIU88CSI npH npoXO>K)leHHB 3ayxa aneKTpOMarHIITH08 none, TaK. H H3M8H8HRe 

SHeprHH 3JI8KTPOHa, B03HHKa10mee B pesynbT8T8 .oeQJOpMaUHH .. PeWeTKH., KpoMe Toro, npoae.ae

HO paccMoT'peaHe KBK B Mo.o.enn: 8Jl8KTpOHHOrO ra.aa M8T8JIJia, TaK H B MonenH 9~eKTp0HH08 

mHilKOCTH. 

5. K pa6oTaM no pacnpocTpaHeHHIO n IlJI83M8HH0MY norJIOIU8HHIO 3ByKa B MeTannax 

/Ii/ Ill 
5nnaxa pa6oTa /cM. TaK>K~ e 24/' B KOTOpo:A: .onH H0H30TepM1:PleCK011 rrna3Mbl. 6es CTOIJ-

KHOB0HHA nonyqeHbI MarHHTOrB.OPOLIHH8MH'i8CKHe ypaBH8HHSI, YtJHTbIB8lOWHe- LUfCCHfiBUHlO, c:eH-

38HHYIO, KBK H B pacCMOTp8HHOM Bbllll8 cnyqa.e MeTan:ia, C nornomemteM sneKTpOHaMH BOnH, 

.LIBH»<yWHXCSI co CKOpOCTSIMII tJSCTHU. TaKoe nornoweHH8 MO>KeT 6blTb He C1IHWKOM CHnbHblM 

s cnyt.J:ae HeHaOTepMnqecxoa- nna3MbI c TeMnepaTypofl: sneKTpouon, MHoro 6on&weA: TeMnepaTy

pbI HO HOB, qTo npHHSITO B 
111 

/. BbtBeaeHHhl8 B 9TOA pa60T8 MBI"'HHTOI"H.OpOllHHBMHqecKHe ypa:e-) 

HeHHSl ncnom,aosane:cb .onsi Hccne.aosaHHSI aaxoHa pacnnbIBSHHSI BOJIHOBoro naxeTa n anH nay

t.J:eHRSl B03MO>KHOCTH cymecTBOBBHHSI y.a.apHbIX BOJIH B nnaaMe 6e3 CTOnKHOB8HHtt. 

( 
noKa3aao. llTO B paMKax, npHHSITblX npHb.11H>K0HHA(!.napHbIE: BOJIHbl cywecTBOBB.Tb He Mo-

/I I/ (ryi) Heo6xonHM0 no.o.qepKHyTb, llTO pa3BHT8.Sl B MarHUTH8Sl rH1J.pO.CIHH8MHKa HaXO.CIHTCSl B 

~ npoTHBOpe'IHH,c wHpoKo Hcironb3yeMoJI TeopHeJI '-ly, ronba6epr-epa "noy1251
• 3To o6ycnos-· 

) neno yqeToM B naweM paccMoTpemn, npoaonbHoro sneKTpH1.1ecxoro nons:r, Hapywa,romero oc-

~ HOBH08 npeanonomems:e TeOpHH YKEl38HHblX aBTOpOB O npaKTll'l9CKH MI'HOB8HHOM nepepacnpe-

! 
\ neneHHH aneKTpoeoB nnaaMbl, cne.acTBHeM qero a ax paccMoTpeHHH SIBm1nocb coxpaneHHe nep· 
! 
~neH.OHKynHpHOCTH sneKTp~"tJ:eCKOI"O nona B0KTOpy MBI'HHTHOA HH.OYKUHH. 

6. Pa60Tbl 112- 151 , TSIC )Ke KBK H pa6oTa /) l /, 68.aHpyIOTCSI Ha MeTOLie Ct\MOcornacoBaHHO

ro IlOJISlx/. npH STOM B pa6oTax
112- 151 

STOT MeTOn IIpHM0HSI8TCH ,nng H3yqeHHSI aneKTpo-

xi · ~t f?no.o.OTBOpHOCTb rrpHMeHeHHH TBKOI"O M8T0.0.8 .O.JIH nJia3Mbl 6e3 CTOJIKHOB~~s;a BnepBble 

\~6brna IIOKa38Ha BnacOBbIM/26/, -

7 



MarHBTHbIX CBOICTB penSITHBHCTC!tOfl: T00pHH. B 'i8CTH0CTH, B pa6oTe
1121 

nony11eao KHH9TH

'18CK08 ypaBH8HB0 caMqcornacoBaHHOro npH6numeHHH nnH pemlTBBHCTCKOA KBBHTOBOA: nna3Mbl. 

Taxoe ypasaeuae HClI011b30B8HO nnH BbI'IRCneaHH CT8TH'l8CKOA MaraHTHOA socnpRBM'IHBOCTH 

.snez:TpOHHOrO raaa. nos:a38HO, "CfTO .llB8MS_rHeTH3M peMTHBHCTCKOro, KSK H HepenRTHBHCTC.,. - ~ 

x.0r0 anexTpoaaoro ra3a, paaea onn:o.A TpeTa ero cnaHosoro napaMa_raeTB3Ma. nony1leHb1 

!tOHKP8THblEt Bblp8~8HBB .a.na: MB.t"HBTHOI npoaa_uaeMOCTB KB.lt Bblpom.o.euaoro, Ta_K H 6onbU

M8HOBCK~ro ·y1IbTpapenBTHBHCTCKOro sneKTpOHHOro. ra3a. noxaaaao, 'ITO B ynbTpapenBTHBHCT

CKOM -anex.Tp011HO-n03HTpOHHOM ra3e, H8XOll.BUl8MCH B paBHOBSCHH C Hanyqeane~, M8rHHTH8.$1 

aocnpRIIM'IHBOCTb norapH~MH'l8CKH pacTeT C YB81IH"tf8}JH8M TeMnepaTyphl. 

Pa GOT a 
1131 

llOCBRlll0H8 aayqeaHIO snexTpoMarHBTHbIX BOllH B anexTpOHHO-HOHHOA: nnaa

M8 B ycnoBHHX, Kor.a.a sneKTJ)OHbl HBmnOTCR pe"nstTHBHCTCKHMH, a HOHbl - HepemtTHBHCTCXH

MH. B 'IBCTHOCTH, .ana ynhTpapenRTHBHCTCKOt"O 5onhUM8HOBCKOro pacnpeaeJI0HllR anexTpOHOB 

u B· npei:monomemu1 1 'ITO. aaepra_H ane1tTpOHOB Mana B cpaaaeeaa c sHep"raeft nox.oa: HOHOB, 

cnexTp K.one5aena nonepe11_aoro' snexTpoMarHH'taoro nonH one:chlnaeTcR cneny10maMH npocTh1-

MH acBMnTOTH'lecxnM11 cpopMynaMH: 

w•~. 4tre•N.c'-+ _§_ c•k i (w >>ck) 
.3KT. s 

((}, .. 21Te'N.c' + c2 k', ("' ... ck). 
"-·1 • 

AaanorH'IHO .O.IIR apo.a.oni:,HhlX lllI83M0HHhIX KOne5aHHA 

Cc.I'= .4tteaN c'+ .3 , 2 ~ 5ck,(w>>ck) 

-- . 
w - ck 11 + 2erp [-L~-2) l, (w ➔ ck). 

2tre'N. 

181 

1101 

Ill/ 

1121 

.llns cxopocTe: a:ayKOBbIX sona nonyt1aeTcS1 Bblpamenae, coanaaaromee -c peayn&TaTOM aepe-

. . 11 I 
nsrrHBHCTC.K.OA T8':)PHH , "CfTO SIBm!eTCSI 8CT8CTB8HHblM, nocxom,xy CKOpOCTh 3ByKa B STOM 

~nyqae He aaBHCHT OT MSCChl aneKTpoea. Taxme ·uepenRTHBHCTcxoe BhlpEl>K~HHe onpe.a.e~HeT 

H· HOHHYIO 'ISC.Tb n.expeMeaTa 38.TYXBHHR aayxa •. .O,nsr snex'I'pOHHOA 'ISCTH .a.expeMeHTS 38.Tyxa

RHH asyxOBbIX- nnaaM~blX Bona nonyqeao cnen.y_romee :ehipa>KeHae 

y ... .JL ..!..t. CtJ, 

A C 

1131 

r.a.e VB .;_CKOpOCTb 3Byxa. QqeBH,O.HO, 'ITO nocne.aaHA: peayJihTST q:>H3H'l:8CKR 6ml30K K y>K 

o5cym..o.aawHMCR BbIWe peaynbTSTBM Teop11H nnaaMeHHOro nornoweHH . .R 3ByKa :e MeTannax. 
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rpaHH'laaR aa_aaqa .ans snexTpOMarHHTHoro nons:r a .nnaaMe Hayqeaa s pa5oTax
114 •151 

Ill · 
lcM. Taxme_ 0§ 171 l8/.·0Tpa)Ken11e u nornomea~e snexTpoMarHHTeoro H3Jiy'leae:s, nana10-

·-mero nepneHLtBKYl'IRpHO nnocxoA noaapXHOCTB, orpaHH'IHB8:IOUl8A 9JI8KTPOHHYIO nna3MY C pe1rn

THnacTCKHM _p,cnpeaeneHHeM "tf8CTHU no HMllYJibC8.M, pacCMOTpeHO B pa5oTe
1,141• B Hefl:' BbI

'IHCneH noaepX:aocTHhlh HMne.a.aac nna3MbI xax B cnyqae penRTBBHCTCKRX, Ta1ci. H a cnyqae ae

pemtTHBHCTCEHX T8Mll8paT)'p. npH &TOM paCCMOTp8H cnyqal! 3CPKS11bHOrO H !IH!p!p)'3HOrO OT

pa»c8HH51 anexTpoaos OT nOaepxuocT~ nna~Mbl. OcHo:eHhIM peaym,TaTOM :aToa pal5oThf cneayeT 

C11BT8Th BblSIBll8HH8 o6nacTeA, B KOTOp.bIX noaepXHOCTHhIA HM08Ll8HC ._oOycno:enee OTHIO.ab ff~ 

cTonxHOB8HHRMH "'IBCTHU nna3Mbl .a.pyr c 11pyroM, · ~ony-qeaae cooTBe;cTBy10mzx ¢opMYn nru1 

no:eepXHOCTHOI"'O HMU8ll8HCa H HX 8H4JUl3X/. B pa5oTe 
1151 

pacCMOTpeeB._, 38.0.8'18 o5. OTpame

HHR H nornomeHHB ene1tTpOMSrHHTHbI1': aonH, na.t:taIOlllHX H8Kl10HH0 K nnocxoa noBepxHOCTHt or

paaHqn::e.a10mea- anexTpOHHyro nnaaMy~ rnaBHhlA s¢qJexT, paan11tia10µ.u1a cnyqaa ua1tnoauoro H 

HOpM81I&HOro nan.emu1, "COCTOHT B B03MO)KH0CTH soa6ym.o.eaasi np11 H8KJ10HHOM na.a.eHHR npo

ll.OII&HblX SOJIH B nnaaMe. EcTeCTB8HHO, 'ITO STO B03M0)KH0 lIHWb B o5nacTH '18CT_OT, .o.mr K.0-

TOpbIX npoaonbH8.H Jlll9J18KTPHtI8CKaSI npOHHU88MOCTh nna3Mhl CTP8MHTC51 X ayn10. 8 '-18.CTROM 

cny11ae HepenHTHBRCTCKHX T8MnepaTyp snej:,rea, Tepner.c.an Ha aoal5y)l{ll.8HH8 np.0.00J1bHbIX BOJ1H, 

np8BhIW80T aaepra10, T8p518MYIO B peaynbT8T0 CTOIIKHOB0H.litA: qaCTHU: llJ183Mhl npz yCJIOBHH 

25 N;L• « r: sin'e [1-(,.,,_./ w )~] , 
1141 

r!Ie 0 - yron nan.emu1 1 et> - '18CT0Ta snexTpOMSrHHTHOrO H3nyqeHHB, a TeMnepaTy-

pa 9J18KTpOHOB H3MepReTcR 8 rpaa.ycax K 8JlbBHHa, L - 1t)'nOROBCKHA norapHqni,. 

7. ECna B npe.QblLlYlllHX paa.a.enax pe11& wna o TeOpHH snexTpoMarHHTHhlX sonH s nna3-

Me II ot5 H3y'leHRH cne1u1Cpnqecxo:A ponH npocTpaHCTBeHHOA aHcnepcHa .aHane1tTfUP1ec1toA npOn«"' 

uaeMO.CTH, cymecTBeHHO onpeaena10meA cneKTpbI T8KRX BOIIH II JilX nornOIU8HHe, TO B CTa-

. Tbllx
116- 181 IH qacTH'IHO " pa6oTe

1181 I BblllBnReTCR ponb ao~o6Rb!X >Ke acpcpeETOB " TeOpHH 

CTOnltHOB8HHI 38.pH>KQHHbIX qacTJIU lll183MbI. J13B0CTHO, 'ITO Henocpen_CTB0HH08 npHM0H8HHe 

o6hI"'IHO:A: raaoxaHeTH'l8CKOA cxeM.bI BollbuMana x. · cny11a10 cTonxaos0HnA aapsrmeHHhIX 'IBCTHU 

BCTpettaeT 38.TP: .O.H0HHR, nocKOJibKy KYJ10HOSCK08 C8"18Hl10. pacceSIHHSI 9BIIH8TCR pacxo.aHWRMCff. 

nosTOMY 06 bl'l~O C'IHTSIOT, 'ITO Ha 50JihWHX pacCTOHHRSIX none '¾"SCTltI( axpasapyeTcsr. 3To 

B 6onhWOM -q11cne cnyqae:e npaBHJ1bJ:t:0 MO)KkO OllHC8.Tb C IIOMOWblO ae5aeBCKoro axpaHHposa

HHH. 0~H8.ICO SICHO, 'ITO n.mr. COCTOHHHA nna3Mbl,cKOIIoKO-HH5y.a.l:i CHJ1b:H0 OTm{'l8IOIUHXCB OT 

patrnoseceoro COCTORHHR, axpSHHpoaxa n_OJ1R _aapa:meaHhIX '-18CTBit _MO>KeT :cymecTBQHHO HC

K8>K8TbCB. B "'18CTHOCTH, LI.JUI '18CTHll, .OBH*Yi.UHXCB co CKOpOC'rhlO, 6onbwea 'cpaao:eo~ CKO

pOCTH nna3M8HHhIX :eoirn, B03MO)i(.HO B03HRXHOBeHH8 OTHIO.ab H8 9Xp8.HHp0B8HHOro nomt H3ny

'18HBR. Bee STO onpen.emr:eT H806XO.llBMOCTb nocTp08HBSI. nonHoA T80pHH CTOJIKHOBeire:A aapg-

\1 >K8HHbIX qaCTHU I! 11na3M8 1 COCTaBn>llOIU8A OCHOB)' l<HH8THI<H IIOnHOCTblO HOHH3!1pOBaHHOA nna3-

~ MhI, Y'IHTbIB8.IOUl8A coy.o.apeaHR • 

xi no pR!IY peaynbTaTOB pat5oTe
1141 

6nHa1<a pa6oTa
1271

• 
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OcHOBbJ TaxoA TeOpHH 6billH 3ano»ceHbl Eoronro6oebIM
1281

, ll0J'Iy 11HBWHM CHcTeMy ypaB

H0HHA ··11m1 (pyHKUHH pacnpenen:8HIUI H xoppenstTHBHOfl: ct,yHKUHH 'Cl8CTHU nna3MbJ. K nI{MOHTO-

eaq H TeMxo
1291 

nonrrn:mt COOTB8TCTBYl01Uee ypaBH8HHe, yqffTbIBarowee KBaHTOBbIS Stj_J(pex.-

Tbl. 3aTeM 6anecKy/SO/ H neHap11 1311 nony,rnna peweeHe ypaBHGHHR 6oromo15osa 11nli Kop-,,_ 
penSITHBHOA cpyHKURD. npeMepao B TO )Ke epeMSI KoncTSHTHHOB H nepenb C llOMOWbfO p~a

BHTOR HMH llH8r"p8.MMHOA TeXHHKB nony'CIHIIH npaBHllbHLiit HHTerpan CTOJIKHOBeHHA .llllSl COCTO

SIHRfl: nn:a3Mbl, cna6o OT1IH'Cl810WHXCSI OT COCTOSIHHSI TepM01lHHaMH'I0CKOro paBHOB8CHH
1321 

B pa6oTe
1161 

peweao ypaBH0Hll0 .a.mt KOppenstTHBHOil cpynKUHH, nony'leHHOe KnHMOHTO

BlPleM H TeMKO. npH STOM npene5peranocb 06MeHHbIMR sq)(t,8KT8MH, B 1{8CTHOCTH, 6blno no

xaaaHO, G:TO HHTerpan CTOJIKHOB0HRA: MO)KeT 6bITb aanHC~H B BH.o.e: 

r11e 

.. , 
:r N13f -5!P.,,_ dp 1 dp(3w rlPaP,: )[ la<Pa) l13(nc) 
/3 .(2ah) 3 (3 ap· • ·p 

-;-/JP;) lrJpiJl o (pa1 
- pJ- pa -p/3) x 

12 pll · 
Xo(I!,,_+:Ji_ 

2ma 2tr.(3 
!L-
2ma 

• !_p_)' 
2m(3 

.. ...,J .4rre e h 
2 

a ,.. ..., 
wa/3 (Pa Pa)~~ ( ~) / < ( p~•-pJ, k&J /-: 

2 

(pa - Pc,1) 2mah h 

/15/ 

/16/ 

3.aecb cyMMHpOB8HHe ee.aeTCSI IIO aceM copTaM HOH OB H snexTpOHOB, a t ( CLJ, k).,. 

- k -•k, k
1

, 
11 

(o,, k) r11e ,
11 

( "'• k) - TeHaop KOMnneKcHOfi 11eaneKTpH'lec-

xott npOHRnaeMOCTH nna3MbI. 

B KnaccK'l8CKOM npe11ene cj:,opMyna /15/ H /16/ 11aeT: 

/17 / 
a .. 11 a, a, 

-, I N(3fdp,,I /3('1, v.(3)[ _ !(3-1~], 
ap ,-, a a op I a ap I 

a a (3 

r11e 

.. J ' 2 .. .. .. .. 
Ia(~; )=fE_,k k rr(4ae0 e8 ) o(kv0 -kv8J __ 

f3 {3 (2a) /k1k1, 1,<w, ()/• 
/18/ 

\ 

EcT8CTB0HHO, 'ITO npu: 6onbWHX nepe.o,aeaeMbIX HMny.rn,cax STO Bbip8)K8HU:0 He SIB.'UteTCJI TO'CI-

10 

'! HbIM H B03HDKBIOlllYlO npH 9TOM norap11<pMH'CleCKYIO pacxo.o.nMOCTb neo6xo.nHMO o6peaaTb. 

To11HbI8 Bbip8>K8HHSI /15/ ·11 /16/ OT pacxo.aHMOCTR cso6o.nabI. Ecnn npeue6peq1:, OT1IH11H0M 

~,, OT a,, , TO cpopMynbI /17/ B llS/ .aa10T HHTerpan CTOnXHOB8HHA Ll1ISI aapR-. 

)K8BHhIX 'IBCTHU B qlOpMe, KOTOpyIO 8MY npHJlSn naa,aay/SS/• np11 STOM, KOH8'CIHO, o6nacTb 

HHT8rpaposaeast no nep0.o.asaeMblM HMnyiibcaM npHXO.llBT CSI orpa~B'IHB8Tb KBK co CTOpO~bI 

6onbWHX, TB.It. R MaJibIX 3H8'18HHA. 

¢>opMyna /16/ noxaabIBBeT, 'ITO MBTpB'IHhIA: sneMeHT nepexo.o.a, onpenensuowaa paccea:

HHe CTamtHB8l01UBXCSI 38pSl>K8RHbIX '18CTBU _nnaaM~, OTneqaeTCSI OT M8TpH'CIHOI"'O sneMeHTa 

CTOJIXHOBeHHSI qacTaa B ixycToTe yqeTOM nonapaaanHB nnaaMbI. LleACTBHT81IbHO, Tax.oa: MaTpHq

HbIA sneMeHT HMeeT BH.ll: 

r11e ho, 

.4rreae B , 

k,Ic1 •,/"'• k) 

-RaMeaeane aaeprBH pacceaaa10meAcst qacTBIIbl, a 

/19/ 

ht -nepe,llaBa0MhIA HM-

nynbC. Tax.av:_ npocTag· Q)opMa MaTpe:qaoro. sneMeHTa, BCKpbIB8IOlll8~ npOCTOA 3aKOH BHllOH3-

M8H8HHSI B38.HMO.ct8ACTBRSI CTanxasa10uiHXCSI 'CISCTHII nna3MbI, U03BOnBeT 6ea 60nbWHX 38Tpy.o

aeenA pa3BHTb H0C110>KHbIA M8TOll nonyqeHHSI HHTerpana CTOJJKHOBeHHA .o,n51 penSITHBHCTCKOA 

. nna3MbI, Kor.a.a Y*e H81Ih3SI orpaHH'IHT&CSI .l'IRWb KynoaOBCKHM B3SRMO.o,efi:cTBHeM, xax STO 6bI ... 

no s cny'lae cj:,opMyn /15-19/. TaKoll HHTerpan CTOnKHOBe[fflli l5btn nony'leR e pa6oTe 1161 KSK 

.o.na KBaHTOBOA, TBK H x:nacCH'l0CKOA TeopBB CTOllKHOB8HHAx/. 

C llOMOIUblO TOA )Ke u.o.ea 06 yqeTe non»pH3aURH llJJ83MbI noneM CTanKRB8101UHXC51 qac

THll B pa50Te
1171 

nonr1en HHTerpan CT0.l'IKHOB8HHA .llnst: llJJ83MbI B CH1IbHOM MarHHTHOM no

xx/ 
ne 

Pa6oTa
1181 

co.aeP,)KHT peweue:e ypaBH0HHSI .o.nst x_oppenstTHBHO.fi: (pyHKlllrH 3JJ0KTpOHOB 

npH yqeTe o6MeHHoro B38HMO.cteAcTBBSI. npa STOM nonyqeff HHTerpan CT01IKHOB8HHA aneKTpo

HOB C aneKTpOHBMH, ytlHTbIB8IO[llHA K8K SKpaRHpOBKY nonH aapg~eHHbIX qacTBU, B03HHKSI01UYIO 

6naroaapst nonstpHaau11a cpellhl H cymecTseanyro aa 6on&w11x npHuem.HblX paccTOSIHHStX, TaK 11 

Y11DTbIBBIOlllHA o6M8HH08 saaBMO.o,eACT~Re aneKTpOHOB, BB)f{HOe ·.ir.na ManbIX napaMeTpOB coy.o.a

peaaA. CTporo N)BOpa, nonyqeBBhlA HHTerpan CTOllKHOBean:A npuro.aeH .ctnst CH1IbHO C>KaTOro 

sneg:Tpoeaoro raaa, HO OB Y'IRTbIB80T acpcpexT ll01UlpH38UBB cpe.O.bI, KOTOpbIA Heo6xo.a.BMO r1e

ThIBST~ B B TeOpRH pean&HblX MeTannos, .anir KOTOpOit BCU01lb30BSHH0 nonY'teHHOI'O HBTerpana 

CTOllKHOBeHRA MO>KeT 6b1Th none3HbIM, aanpnMep, npR ObOCHOBBHBH TOA HnB HHOA Mo.nenH, 

nono)KeHHOA a. OCHOBy KHHeT.HKB anexTpOHOB npOBO.llBMOCTB. 

Teopae: anexTpOMarHHTHbIX cpnyxTyBUHA B aepaBHOBecao.a nnaaMe 6ea CTOnKHOB8HBA noc-
. /19/ • 

BSllUeHa pa6oTa • 3Ta pa5oTa npBMhIK8eT K npellbl.O.YlUBM. nOTOMy qTo B Heit., a 'ClaCTHOc-

Ta, ll0K838HO, qTO K118CCH1t8CKBA penRTBBHCTCKHA ~aTerpan CTOnKHOB8HBA, nonyqeHHhlA B pa-

15oTe1161. MO>KeT 6blTb aanHcaa B BB.ne: 

xf.11HTerpan CT01IKHOB0HBA, ae Y'IHThIBBIOlUBA 6nR3KHX coy.o.apeaaa H COOTB0TCTBY10lllRA 

pen5[1'RBHCTCXOMY xnacca:1tecKOMY BHTer,any CTonxnOB8HBA pa60Tb1 1161, npaKTHqecKB OllHOBpe-

M8HH0 6bin ony6nHKOB8H CaAMOHOM /34 • • 

xx/ HecxonbKO paa&we cooTBeTCTay10ruee xnacceqecitoe shipa>Kenee 6blno ony6naKosa

ao PocT01<epoM/35/, 
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/20/ 

3aecb 1<09tp4.'lll1H8HT Tp8Hll" .!· 

l t ..... ... .. ...... 
A 1 •-f~..!:,__f, (kv~kJ-•* (kv_,.1:Jlx 2 (2rr)• 2•,, ... •. · ... r• . 

1211 

...... ... . ...... 
x E:(kv.f JE':! (J:v_,f) 

onpe.aemreT ceny, TOpM03BLUy10 ir:acTauy a 

ro nons 
38. C'i8T B03HBKHOB8HHSI sneKTpOMarHHTHO- • 

,., .. ➔ ... 2 .. .. -, .... .et, • 

E 1 ( k v ,I) • - (.4,re •' / c J k v. A11 ( l: v.,li) v 
1 

, /22/ 

conyTCTBYIOLUGro .llBH}i(:8HB10 T.fSCTHUbl a 

( A 11 (o,, iJ • (o,/ c)
2
t 11 (o,, k) -k

2
1l 11 + /c1.l: 1 J. 

.Qn11 l<Oll<p<plll1H8HTa llll<p<pY3Hll B npocTpaHCTB8 llMllYnbCOB nonY,19HO cneay10wee Bhlpa>Keuae: 

... , .. ... ... ... ... 
D,1 •f..,.4!...rr(e (E+.1..[vBJJ1(E+.L[vBJJ

1
J•-+-+ ... 

(211) ~ • C • C • ,-, ' /23/ 

onpeaen1110weecR cne1tTpanbaoll nnoTHOCTblO q,nyxTyaneA cHnhl nopeana. 

non)"leHHhl8 B pat5oTe
I19I 

q,opMynhl no3sonS110T· onpeaensrTb anenpoMarHHTHhle 4>nyx

Tyauxa1. HHJlYUHpOB8HHW8 ll~Hmyme:MHCR 38.pSl.c:t&MH. B OCHOBy TeOpHH ·nonomeao ?P8.llCTaBne

HB~ o neAcTa1.10meM none 11acTBUbl s nna3Me 1 ss.o.ouaMeHeHHOM Onarona.ps noitape3auaa nnaa

Mbl, OUHCbIBSIOIUeAca T8H30pOM .llB8JI81CTpR'18CKOA npOHHI188MOCTH. KsaaTOBb18 cpopMynbl pa

t50Thl1191 cywecTB8HHhl anll M8lll<OM&CWT&t5HhIX q,ny1<Tyan11ll. TeopHSI p&3BHTa Kalt llnlt nna3-

Mbl '593 CH.Til,HWX aonea, -T8.Jt H 11ns nn43Mbl B CHIIJ;,HOM M8.rHHTHOM none. B'11:acTHOM cnY'l8.8 

DM3MW (593 CBni..RblX nonaA 11ns cne1tTpan&aoA U3!0THOCTH ct,ny1tTyaaaa HHllYitHpO:BSHHblX snez:

TpH'l:8CXHX noneA eaA11eaO cne11y101.Uee Bhlpameaae: 

12 

·1 

rae 

-1 - ,-, • ➔ a 
•(E1 E1J,.;=½A,t (w,k)A 1, (w,kJ!.(,4rre.w} N.x . 

xfdp .. f~(rt,+ht/2)+fa<P«-t..fl2} 
a Ea<'ia+tlE/2)Ea(Pa-t,i;2J 

8 (., _ 'Fa( Pal- fit I 2 J-Fa(pcrt.kl 2),) x 
h 

X I p, pt - .h...2[ kt k + ( ., • - k ., [it l I; • • 4 . , 7 , 

E• (p) - s~eprHSI 'ISCTHUbI copTa a 

/24/ 

8. nocTp08HHIO KHH8TH118CKOA T00pHR 6bICTpOII0p8M8HHblX IIpOU8CCOB B II1IS3M0 lIOCBR

IU8HbI pa~~o/
20 •21 /. noa 6bICTpO~epeMeHHbIMH npoueccaMH MbI 1IOHHM88M TBKRe, npH KO

T':)pblX pacnpeaeneaue. '18.CTHU 3aM_8THbIM o5pa30M M8HR8TCSI- B Teqeaae Bp8M8HH CTOnKHO:ee

.HH.H •. 0.ll,HBM H3 'J,'8.X.HX npoueccoB SIBnSleTCSI pacnpocTp8H8HH8 B rma3M8 aneKTpoMarHHTHbIX 

Bona c 11aCTOTOA1 3H8.'IHT8n&HO npeBbiwa10mefl: nearM10po:eCxy10. /3aec& MO)KHO ro:eopHTb. 

0 BBHOA 6bICTpOaepeM8HHOA' 38.BHCHMOC.TH O'.f Bp8M8HH/ •. TeopHH nornomeaHB T8.KHX B01IH y)Ke 

paccMaTpaeanacb paaee /cM. raH315ypr
I56I

, a TaK>Ke pal5oTy nepenR a 3mrnwl5epr/371I. 

Haoraa roaop.RT O 6hlCTponepeM8HHOM H3M8H8HHH COCTOSIHHH nna3Mbl1 B ycno:e1u1x. xoraa 
I 

llOCTOSIHHOe MarHHTaoe .none Hac;TOn&KO B81IHKO, 'ITO napMOpOBCKHe PS.llHYCbI qacTHII OK.83bIB8-

IOTCR M8HbW8 pa.011yca .ll.86ae:ecxoro axpaHHpOBaHRSI. n_pH 8TOM ·6bICTpOMeHSIIOIUefi:cH aemJt1H-

. Hoa SIBnSieTcg .yrnOB8SI ct,aaa '18CTHUbI, 'ITO COOTB8TCTByeT H8SIBHO.tt 38BHCHMOCTH pacnpeaene

HHSI OT Bp8M8HB. ,!IM pacnpenenesHA, SIBHSSI 38BKCHMOCTb KOTOpbtX OT Bp8M8HH SIBnSieTcst 

MenneHHOfl:1 KHH8TBK8 nna3Mbl B CHn&HOM MBJ"HHTHOM none paaee yme paccMaTpHBanac& Be

nReBhIM'381 /cM. TaK»<e pa15oTy rypeBH'Ia a 4>HpcosaI39I /. · 

B cnyqae npoueccoB C 6bICTponepeMeHHOA: .SIBHOit 38BHCHMOC!bl0 OT Bp8M8HH · He npHMe

HHMO xax: o6bl'IH08 60n&UM8.HOBCK08 Bbipa>Ke~He HHTerpana CTOnKHOB8HHitx/ I T8K H HHTerpan 

cT-onxaoseaaa Benste:ea. noaTOMY aeo6xo.n.HMO npe)K..oe acero nonrrnT& HHTef'pan cTonxaoae-

. . · . ' /20/ 
HHA, npHrO.ll.HhlA ..ons1 TaKHX npoaeccos. 3Ta sa..oaqa pewaeTcSI B pa50Te • 3..oec& a nep-

. B"OM, np116n11>KeHa11 TeOpHH B03MYIU8HHA no B38HMO.ll8:A:CTBHIO qacTHU H anst ycTaa·oBHBWHXCR 

6bICTponepeM8HHbIX npoaeccoB B nnaaMe, H8XO,tl.SIIU8fi:CH B CHnbHbIX 0.0HOpO.ll.HbIX M8rHHTHbIX 

H -9118KTpll'l8CKHX norutx _ /nocneaaee MQ)K8T 6bITb' nepeM8HHbIM · BO Bp8M8HHI I nonytJ:8HO cne

Ll~IO!ll88 KHH8TH'I8CK08 ypaBH8HHe: 

x/ 3aMeTHM, 'ITO B BbipomaeHHbIX CHCTeMax ¢)epMH-JJ:8CTHU 05biqHaa CX8Ma CTOnKHOBe

HHA:1 KaK lIOK83S,nH ry•pmu/40/ .H naH..Oayf2S/, CTBHOBHTCSI H80pHrO.ll,HOft llpH 'ISCTOTSX 

., ~ "·r It. 
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iJI ➔ iJI . ◄ l ◄ ◄- •iJf ·' iJ a ◄ ◄ t 
..:..:.JL + va-1!- +ea( E+ _[ vaB 1 J ~-f d(•I rrE-, ,,<Pa' 'a! 4 I) x 

iJt iJra c iJpa-• iJpa 

3aec1, 

➔ .. .. I ➔ ➔] I iJ 
x iJ fa( Pa[ d t,pa]. \Ct_, t,Pa•'iz ,t) _ --s::T [A~(~ ,i;,, t,' t) x 

iJpl[tlt
1
p.,) iJpa · 

xfa(Pa[t 1t ;al ,Ra[t 1t•;a:..l. 1
1
))), 

, '. / J ., 

➔ ·1 .. .. ➔ .... 

. a(p '! 111)• !.N fdp d; iJ Vas< j·Ra[tf4 Pa,'a ]-Re[t,~]/ 
11 • a' ' P f3 f3 fJ iJra 

J, ➔ ➔ 
X iJVaBIY ra-rel/J 

iJr ~ 

➔,- ➔ ➔ 1-+ ➔ I lpf PfJ[ t, t, pfJ]' Rl t, t, pfJ' rfJ], t ), 

A a( i ,◄, t,'t} - !. 'NfJf dp,, d;°fJ 
I/ tlla fJ ,-, 

/
.. J .. .. .. ,' .. ,,, 

iJ Vaef Ra[·1, t,Pa• ral-R8[t ,t,p8rel.v 
a,' . 

a 

. iJVatf!I;:;.~ 
iJrl 

a 

-+ I ➔ -+ I -+ ➔ I 
iJff?/PB[ t, ~p~], RpEt,t,Pf3fBl' t ) 

I ➔] iJPfJ[t,',PfJ. 

/25/. 

/28/ 

/27/ 

◄ I ◄ 
rae PfJ[ t, 1,_pfJ] a 

..,, I ➔ ➔ Rl t, t/pfJ''ff npeacT8snseT co-

5oA HM11ym.c H KOOpLlHHaTy '18CTBl!bl fJ , llBIVKyuteA:ea s nonax i ◄ 

H ·B I B MO-

M8HT t' , ecnR B MOM8HT ST& 'ISCTHIIB HMena HMUflibC p/J H H8XOLlH/18CI, 8 

TO'l'.K.8 'p 

• KnHeTn'!ecxoe ypa&Heeee /25/ no110>Keljo & o~;;;y Teopaa ·11blc01<0qacT0THOA_ aaanenpe~ 

qecxoa npoa2naeMOCTH nna3MbJ, passaToA: a pat5oTe • D.n.e HSO"l'ponaoa nnaaMbJ HOBbIM pe-

aynbTaTOM 3ll.8Cb ssnaeTcs onpeaeneaae aeAcTBHTenbaoa nonpasxa x ~HsnexTpaqecxoa npoaa

uaeMocTe: 

I 6.1 J ' 
iJ, • -=-;:r "'s<1>4> a,gn 0>;(0184i4i • 

14 

(2rr 8!,(ee
1
) 2N 1 

.3ym (K T) ")I } . 

HecMOTPSI 'Ha ManocTb STOfl: nonpaBKH OHS MO)KeT SKcnepHM8HTBnbHO npoSIBHTbCSI 6naro.oapSI 

cnena¢eqecKoA 38BHCHMOCTH OT qacTOTbl. 

,!lnSI nna3Mbl a. CHnbHOM MarHHTHOM none H ana: qacTOT, MHO("O 60nblllHX ·neHrMIOpOBCKOA. 

HO ManblX B cpaBHeHHH C napMOpOBCKOR: qaCTOT08 sneKTpOHOB1 paHbWe He. 6bma pa3BHT8· Teo

pHSI nornomeeHSI snexTpOMarHHTH.blX eona. nosToMy HOBblMH S1:6Ju110TcS1 peaynbTaTbl pa6~Tb/
211 • 

OTHOCSluiHeCSI KSK It onpen,eneHHIO SpMHTOBOA, TSK .H SHTHSpMHTOBOfl:: qacTH T0H30pa .O,Hsnex-

Tpaqecxoit npOHHI(88MOCTH nna3Mbl, H8XO.OSIW0ACSI B CHnbHOM MarHHTH OM none. M bl He CTa

H8M npHBO.!lHTb 3,ll0Cb COOTB0TCTBYIOIUHX cpopMyn, OTCbI118SI qaTaTem1 K CT8Tbe
1211 

a nHlllb 

38M8THM, 'ITO B c11n&HOM MarHHTHOM none OK83b1B80TCSI B03MOmHblM roaopHTb O .llBYX epeMe

·HBX p:naxcaumt - npOLl.OllbHOM H nonepeqHOM, KOTOpble MOI'YT cymecTB8HHO OTlIH'l&TbCSI .npyr 

OT _.a.pyra, 

PyKOIIHCb nocTynHna B H3,ll8T0llbCKHil OT.oen 
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